The leading cause of death due to health care-associated infections is ventilator-associated pneumonia (VAP). The lack of clarity in the definition of VAP has made it difficult to execute and evaluate the effectiveness of prevention strategies. Beginning in 2013, hospitals were expected to implement a new surveillance definition algorithm to identify ventilator-associated events (VAEs). The Institute for Healthcare Improvement recommended the use of the Ventilator Care Bundle as part of an initiative to decrease the incidence of VAP. This article outlines the results of a quality improvement project that was conducted to address this recommendation, improve current staff knowledge, identify gaps in practice, and determine the rate of compliance with prevention strategies. The major findings of this project also exposed limitations of the electronic medical record system, and suggested enhancements, which would promote the VAP Bundle initiatives, facilitate documentation, and permit straightforward data collection.
Preventing Ventilator-Associated Events 385 definition of VAP, and the most widely used criteria are neither sensitive nor specific. 7 The VAP Surveillance Definition Working Group proposed a new surveillance definition algorithm to detect ventilator-associated events (VAEs) that was implemented in the National Healthcare Safety Network in 2013. 8 The confusion regarding the definition of VAP makes it difficult to implement and evaluate the effectiveness of prevention strategies. 7 The Institute for Healthcare Improvement (IHI) has recommended the use of the Ventilator Bundle as part of a quality improvement initiative to decrease the incidence of VAP. 9 To improve current knowledge and gaps in practice, calculate VAP rates, and evaluate patient outcomes, it is necessary to determine the rate of compliance with prevention strategies. 5 
Significance to health care
According to the Hospital Infections Disclosure Act within the South Carolina Code of Laws, hospitals adopted methods in 2008 for collecting and analyzing data on HAIs and began submitting the HAI rates to the South Carolina Department of Health and Environmental Control. 10 Despite the uncertainties in defining VAP, the Centers for Medicare and Medicaid Services is considering adding VAP to the list of hospital-acquired conditions that will not qualify for reimbursement. 11 According to O'Grady et al, 11 reporting rates of VAP will not be meaningful until they include reliably measured incidence rates and clearly defined prevention strategies that demonstrate meaningful reductions in clinical outcomes. 11 Health care organizations have been influenced by the current reporting standards and are under legislative pressure to implement VAP prevention strategies. 11 Care bundles, the grouping of evidencebased practices related to a specific disease process, can substantially improve outcomes and reduce or prevent the risk of disease complications. 5 In early 2001, the IHI identified 4 interventions to prevent complications in high risk ventilated patients. 5 The interventions included elevation of the head of the bed between 30 and 45 degrees, daily sedation interruption and assessment of readiness to extubate, peptic ulcer disease (PUD) prophylaxis, and deep vein thrombosis (DVT) prophylaxis. 5 In 2010, evidence supported the addition of a fifth element, daily oral care with chlorhexidine, and stressed the importance of the all or nothing approach. 5 The 5 elements became known as the IHI Ventilator Bundle. 5 According to the IHI, the bundle consists of evidence-based strategies and a standardized approach designed to prevent adverse events. 5 There may be a relationship between decreased compliance with the documentation of the ventilator bundle and ventilator-associated events (VAEs). This quality improvement project represents an opportunity to improve the delivery of patient care through a multidisciplinary and collaborative effort.
Clinical question
Does the use of a Web-based education module, VAP Bundle checklist, and change in documentation practice improve the knowledge of VAEs and increase the compliance of VAP prevention strategies among intensive care unit (ICU) staff?
METHODS

Project design
This project was conducted as a quality improvement initiative that focused on education, practice performance, and the evaluation of nursing documentation compliance. The project did not require approval by the institutional review board of the university per their policies. The project design was reviewed and supported by the hospital VAP Committee; the ICU nurse manager and multidisciplinary team; and the ICU Leadership Group, Practice Council, and Quality Committee.
Setting and sample
This project was conducted in a surgical trauma ICU within a level I trauma and 386 CRITICAL CARE NURSING QUARTERLY/OCTOBER-DECEMBER 2014 academic medical center in the southeastern United States. The 17-bed ICU employed 50 registered nurses (RNs) and 15 patient care technicians (PCTs) during the 5-month initiative. During the project period, the average daily census of the ICU was 14.5, and the average number of ventilator days was 297. Physicians, RNs, registered respiratory therapists (RRTs), and PCTs providing direct care to mechanically ventilated patients were invited to participate in the project. A total number of 580 nursing shifts were audited from March 2013 through July 2013.
Interventions
This quality improvement project was conducted in 4 phases. The first phase, from March 1, 2013, through June 30, 2013, included retrospective data collection and staff education using a Web-based learning module. The module featured the CDC updates regarding the definition of VAE, the VAE algorithm, the components of the IHI ventilator bundle, the description of the current hospital policies related to VAP prevention, and the introduction of a new survey instrument, the VAP Bundle Checklist (Appendix A). The Web-based learning module was available for 60 days and was delivered through the medical center's online e-learning system, which is used to ensure annual employee professional competence. The module was mandatory for all RNs in the surgical trauma ICU and specific RRTs as selected by the respiratory department manager. To evaluate participants' knowledge of VAP and the recommended prevention strategies, a multiple-choice examination was administered electronically. The examination consisted of 12 multiple-choice questions scored from zero to 100%, which was administered as both a pretest and a posttest. The test content was developed on the basis of a review of the literature. The final test was reviewed and approved by the ICU Nurse Educator and the Education and Training Coordinator with the medical center's Human Resources department.
Phase 2 involved the implementation of the VAP Bundle Checklist. It was designed on the basis of the IHI's recommendations for VAP prevention, 5 the compendium of strategies to prevent health care-associated infections, 12 and the policies of the university medical center. The checklist was intended to raise awareness regarding current evidence-based strategies for the prevention of ventilator-associated events and to encourage compliance with the documentation of these efforts. The staff was instructed to utilize the VAP Bundle Checklist for all mechanically ventilated patients for 30 days, from June 1 through June 30, 2013. The checklist was completed by the bedside RN and used to audit the nursing documentation of the previous shift. The 5 bundle elements-PUD prophylaxis, oral care, sedation vacations and readiness to extubate, elevation of the HOB, and DVT prophylaxiswere assessed each shift for completion.
The third phase of the project focused on a change in documentation practice, which began July 1, 2013, and ended July 31, 2013. In accordance with the medical center policy regarding VAP prevention, RNs must ensure that oral care is both performed and documented. Prior to this quality improvement project, PCTs performed this task and communicated its completion with the bedside RN, yet the RN maintained the responsibility for all documentation. During the month of July, the PCTs were held accountable for performing and documenting all oral care. Monitoring of compliance with the entire VAP Bundle continued during this third phase.
The final phase included data and project analysis. The results were reviewed and discussed among the hospital VAP Committee; the ICU nurse manager and multidisciplinary team; and the ICU Leadership Group, Practice Council, and Quality Committee.
Outcomes
The purpose of this project was to improve the compliance with the documentation of VAP prevention measures, specifically the VAP Bundle, by using a Web-based education module, a VAP Bundle checklist, and a change in the responsibility of documentation. The project leader expected that the interventions would enhance the knowledge of VAEs and standard care practices, improve the delivery of care to ventilated patients, and increase the compliance with documentation of the VAP bundle elements. Ultimately, with improved compliance, the number of VAEs, possible VAP, and probable VAP would be reduced or eliminated.
Data collection and analysis
Nursing documentation was audited for patients admitted to the ICU from March 1, 2013, through July 31, 2013. However, VAP bundle compliance data were not collected throughout the month of May because the educational intervention was ongoing during this time period. A statistician was consulted to assist with data analysis. An Excel workbook was utilized for data entry and the development of graphs to allow for an effective display of the results. All data were managed in accordance with the medical center's policy for the safeguards of protected health information.
The pretest and posttest scores of the Webbased education module were compared to demonstrate competence and to identify any test questions that proved problematic. The mean test scores and the percent change in each test score were recorded. The answers to each test question were available to all staff following completion of the education module.
Electronic nursing documentation was reviewed both retrospectively and concurrently with the interventions to determine compliance with each of the VAP Bundle elements. Each 12-hour nursing shift was evaluated for completion of each of the bundle elements in accordance with the medical center's written policy regarding VAP prevention and the standard practices within the ICU. Only mechanically ventilated patients receiving continuous sedation or analgesia were included in the convenience sampling. To meet the criteria for PUD prophylaxis, the patient must have received a histamine H 2 -receptor antagonist blocker (H 2 blocker), a proton pump inhibitor (PPI), parenteral nutrition (PN) with an H 2 blocker additive, or enteral nutrition.
Contraindications to PUD prophylaxis, such as thrombocytopenia, were also noted. Compliance with the documentation of oral care must have reflected the use of hydrogen peroxide and a mouth swab every 2 hours, in addition to the use of chlorhexidine and a toothbrush every 12 hours. Staff was encouraged to document exceptions, such as an oral free flap, a broken jaw requiring wire-closure, or the lack of dentition. When assessing the sedation vacation and readiness to extubate, compliant documentation included the time the continuous sedative or analgesia was stopped, the time the RRT was notified, the time and the reason the medication was restarted, or the reason the sedation vacation was not performed. Some exceptions are included in the current electronic record, and choices can be selected from a drop-down menu when applicable. Compliance with the fourth element in the VAP Bundle, elevation of the head of the bed above 30 degrees, was documented by checking a box within the 24-hour nursing assessment. The electronic record does allow for the documentation of head of the bead below 30 degrees for ventilated patients with certain contraindications. Finally, when evaluating compliance with DVT prophylaxis, the patient must have received low-molecularweight heparin or unfractionated heparin. Certain contraindications to low-molecularweight heparin or unfractionated heparin, such as active bleeding or intracranial hemorrhage, were included in the data collection. Other notable categories included the nursing shift and the pharmacologic agent utilized for continuous sedation or analgesia.
The VAP Bundle checklists were placed on the chart of each mechanically ventilated patient by the ICU Unit Secretaries each shift. The completed checklists were placed in a secured folder and routinely collected by the project leader. The number of ventilated patients each nursing shift was counted from June 1, 2013, through June 30, 2013, and compared to the number of checklists collected. The daily staff assignments were then reviewed. The ventilated patients cared for by float staff were excluded from this data collection because they had not received the necessary education related to the project. Compliance with use of the checklist was determined for the month of June, as well as for those ventilated patients included in the convenience sample.
RESULTS
The Web-based learning module was completed by 41 RNs and 6 RRTs routinely assigned to work in the ICU. The mean pretest score of the RN group was 43%, and the mean pretest score of the RRT group was 34.7%. The RN mean posttest score increased to 88.6%, and the RRT mean posttest score improved to 90.3%. Overall, there was a 44% change for the RN group, and a 54% change for the RRT group (Figure 1) .
The retrospective project data regarding the VAP Bundle included 200 nursing shifts, 106 in March 2013 and 94 in April 2013. The number of dayshifts and nightshifts surveyed were 96 and 104, respectively. The first bundle element, PUD prophylaxis, reflected 84% compliance (Figure 2 ). Seventy-three percent of patients received medication, while the remaining 27% received enteral nutrition. Compliance with the documentation of oral care was 59%. The third bundle element, the sedation vacation, represented the lowest overall compliance score, 12%. The final two elements, elevation of the head of the bed and DVT prophylaxis, represented the highest overall percentages, 100 and 99, respectively. The total VAP Bundle compliance in March and April 2013 combined was 7% (Figure 3) . The primary sedative used as a continuous infusion during the retrospective period was Ativan, which was utilized for 38% of the patients included in the data collection. Propofol was the drug of choice for 30% of those within the audit, followed closely by Fentanyl, which was utilized for 28%. The average number of ventilator days was 310 in March and 259 in April. The number of combined possible and probable VAP for the retrospective time period was 1 ( Figure 3) .
The first project intervention, the VAP Bundle Checklist, was introduced in June 2013. Two hundred nursing shifts were audited during this time and represented 50% from each dayshift and nightshift. Compliance with PUD prophylaxis fell to 78% (Figure 2 ), of which 55% reflected medication administration, while the remaining 45% represented enteral nutrition. The documentation of oral care increased to 68%, and the documentation of the sedation vacation increased to 25%. Although the compliance with elevation of the head of the bed and DVT prophylaxis dropped slightly to 96% and 95%, respectively, the overall total bundle compliance increased to 17%. Thirty-nine percent of patients during this time period received Propofol for continuous sedation, while 38% received Ativan, and 17% received Fentanyl. The number of ventilated patients in the ICU was counted per shift for the month of June and compared to the number of completed VAP Bundle Checklists. After excluding the patients cared for by float staff, the utilization of the checklist by nursing was 24%. The completed checklists were then compared to the 200 shifts included in the data collection. The utilization within this sample was 20%. The average number of ventilator days in June 2013 was 310, and the number of combined possible and probable VAP was 3 ( Figure 3) . Because of the decreased compliance with oral care, the project leader introduced a second intervention in July 2013. Patient care technicians assumed the responsibility of both performing and documenting oral care, which was a change in practice. The number of shifts audited during this time period was 180. Though the intervention focused on only 1 particular bundle element, the month of July represented an improvement in the documentation of each element when compared with June, except oral care, which dropped from 68% to 67% (Figure 2 ). Compliance with PUD prophylaxis was 87%, the sedation vacation was 31%, the elevation of the head of the bed was 100%, and DVT prophylaxis was 98%. There was an increase in the utilization of continuous Ativan infusions to 45% and Propofol infusions to 44%, yet Fentanyl infusions were only utilized as the primary sedative in nine percent of patients included in the data collection. The average number of ventilator days in July 2013 was 308, and the number of combined possible and probable VAP was 1 (Figure 3 ). 
DISCUSSION
Project limitations
This quality improvement project was limited by several factors. The first major limitation was the lack of clarity in defining compliance with each VAP Bundle element. Although the medical center's VAP prevention policy included each of the IHI's recommendations, neither was specific. This caused confusion and varied interpretation among providers and staff. For example, according to the IHI, PUD and DVT prophylaxis within the bundle may be counted as met if a discussion occurs and is documented despite a decision to forego either pharmacologic intervention. 5 It proved difficult to determine if there was multidisciplinary discussion regarding PUD and DVT prophylaxis. In addition, H2 blockers are often discontinued when enteral feedings are initiated, which was not addressed within the IHI recommendations or the written policy. A second example was the need for clear recommendations for oral care. The medical center policy specified the use of chlorhexidine every 12 hours administered with a toothbrush, yet it did not include provisions for reasonable exceptions, such as the appropriate care of oral free flaps, oral trauma or edentulous patients, during extended periods of instability and active resuscitation, or during transport from the unit for interventional procedures or surgery.
Another major limitation was the electronic medical record (EMR) itself. The VAP Bundle was not clearly identified. Multiple computerized flow sheets required careful scrutiny to determine compliance because the bundle elements were not grouped together. In some cases, the selection menus were not inclusive. For example, exceptions to performing the sedation vacation included an intracranial pressure higher than 20 mm Hg, but did not include patients following commands without a sedation hold. The present menu selections for oral care within the electronic record did not accurately reflect the use of hydrogen peroxide or chlorhexidine, yet only specified the use of a mouth swab or toothbrush. Overall, the EMR required a complicated process for data review and extraction. Additional project limitations included staff and physician turnover, as well as an increase in the need for supplemental staff from the hospital meduflex group. Bias may have occurred because the project leader extracting the data was not blinded to the purpose of the project, and the records selected were drawn through convenience sampling. A final limitation was related to the pharmacologic shortcomings. Fentanyl was administered as the primary infusion for both sedation and analgesia due to the Propofol shortage during the project period, yet sedation vacations are not routinely performed for patients receiving analgesia as the primary infusion. Therefore, the data collection may not accurately represent compliance with the sedation vacation.
Implications for practice
There are several implications for practice as a result of this quality improvement project. First, the VAP Bundle elements must be clearly defined and incorporated into a written policy. This must be done in collaboration with information technology to facilitate documentation within an EMR. Medical staff and nursing leadership must demonstrate agreement and support for the policy to ensure participation and accountability. Second, system issues must be corrected. Electronic documentation audits require diligence and time. The name of the care bundle and each bundle element must be identified in one location within the EMR to serve as a reminder to staff, to distinguish the importance of the individual interventions, and to maximize compliance. Furthermore, contraindications and exceptions should be clearly identified to ensure that audits can easily differentiate between compliance and noncompliance. For example, any contraindications to either PUD or DVT prophylaxis should be documented in the medical record. Finally, data collection should be straightforward.
CONCLUSION
While the project improved the knowledge of the staff regarding VAEs and the current medical center policies regarding nursing documentation, VAP Bundle compliance was particularly low in the surgical trauma ICU. Overall, slight progress in the documentation of oral care and the sedation vacation increased total bundle compliance. Despite a consistent improvement in the use of the VAP Bundle, there was not a direct correlation with the incidence of possible and probable VAP in the ICU. Although quality improvement efforts should be sustained over time to identify gaps in practice and optimize professional performance, compliance is difficult to measure without clear and specific guidelines and agreement among all practitioners. Furthermore, electronic medical records should clearly identify the VAP Bundle and its interventions, consider efficient methods for data collection and extraction, and facilitate nursing documentation. The CDC has introduced a standardized approach to identifying VAEs and possible and probable VAP. This should encourage the development of a clear, specific, and standardized approach to prevention.
